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Description 

Field of the Invention 

5 [0001] The present invention relates to a method for bonding substrates together, more particularly to a method 
which impacts the strength of the bond between a bonding agent and an electrically conductive substrate, and even 
more particularly to a method utilizing induction heating to heat an electrically conductive substrate before or upon 
application of the bonding agent to the substrate. The present invention also relates to a device for bonding two sub- 
strates which incorporates an induction heating system for improving the bond strength. 

10 

Background of the Invention 

[0002] In bonding processes, it is often important to provide a bonding agent that is capable of providing sufficient 
green strength in a relatively short period of time in order to hold objects together until the adhesive cures or solidifies. 
15 Green strength is equated with the shear strength of the bonding agent. The ability to achieve green strength is often 
dependent on the wetting of the bonding agent upon application and contact to a substrate. Certain substrates, or their 
respective physical properties, can adversely affect the wet out properties of the bonding agent. Additionally, processing 
conditions during application can affect the wet out properties of the bonding agent. The inability to obtain sufficient 
wet out will result in a weak bond between the bonding agent and the substrate. 

20 

Summary of the Invention 

[0003] The present invention involves a method for improving the bond strength of bonding agents applied onto 
electrically conductive substrates. The method of the present invention improves the wet out properties at the contact 

25 surface between the bonding agent and an electrically conductive substrate. 

[0004] The present invention utilizes a non-conductive substrate having a bonding agent attached to at least a portion 
of the substrate. The bonding agent can be a pressure sensitive adhesive or a hot melt adhesive or it can include at 
least an exposed layer of a pressure sensitive adhesive or a hot melt adhesive. The utilization of a hot melt adhesive 
requires the heating of the adhesive to a bondable state. An electrically conductive substrate is then heated with an 

30 induction heating system. The electrically conductive substrate is suitable for receiving the bonding agent. The elec- 
trically conductive substrate has a greater thermal conductivity than the bonding agent. The contact surface of the 
substrate is heated to a temperature sufficient to enhance the wet out of the bonding agent upon application onto the 
substrate. 

[0005] The pressure sensitive adhesive and hot melt adhesives are generally solid at room temperature and sub- 
35 stantially stable in form and dimension. The hot melt adhesive can include thermoplastic hot melt adhesives or ther- 
moset hot melt adhesives. Thermoset hot melt adhesives generally comprise heat-activated adhesives, moisture ac- 
tivated adhesives, radiation or light activated adhesives. The viscosity of the material at the contact surface of the 
pressure sensitive adhesive and the hot melt adhesive is affected by the elevated temperature of the contact surface 
of the electrically conductive substrate. The elevated temperature of the electrically conductive substrate enhances 
40 the ability of the pressure sensitive adhesive or the hot melt adhesive to wet out the substrate. With pressure sensitive 
adhesives, the method of the present invention beneficially affects the rate for building adhesive strength. The method 
results in the formation of a cohesive bond between the bonding agent and the electrically conductive substrate. 
[0006] The present invention also includes a device for inductively heating a substrate to enhance the wetting prop- 
erties of a bonding agent applied onto the substrate. The device includes a support for releasably holding a non- 
45 conductive substrate with a bonding agent affixed to at least a portion of a major surface of the non-conductive substrate. 
An induction heating system is attached to at least a portion of the support. The support is positioned near an electrically- 
conductive substrate. Upon activation of the induction heating system, the electrically conductive substrate is heated 
to beneficially affect the wet out of the bonding agent on the surface of the electrically conductive substrate. 
[0007] It is an advantage to inductively heat an electrically conductive substrate in orderto enhance the bond between 
so the substrate and a bonding agent. The heated substrate enhances the wet out of the bonding agent at the surface or 
interracial contact point between the electrically conductive substrate and the bonding agent. 
[0008] For purposes of the present invention, the following terms used in this application are defined as follows: 

"wet-out" means the ability of the adhesive to spread out over and bond to the contact surface prior to reaching a 
55 cured or solid state. 

"electrically-conductive" means any ferromagnetic material or inductively responsive material capable of generat- 
ing heat when subjected to an inductive field; 

"non-conductive" means any material which exhibits a resistance to the transmittance of electricity or heat; 
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"bonding agent" means an adhesive material that is solid at room temperature and substantially stable in form and 
dimension; 

"bondable state" means the adhesive, upon heating, posesses a measurable viscosity and is capable of wetting 
out upon application to a substrate; 
5 "green strength" means initial holding power of the adhesive to a substrate either before or after initial curing or 

solidification; 

"pressure sensitive adhesive" means adhesives that are normally tacky at room temperature and firmly adhere to 
a wide variety of dissimilar surfaces upon mere contact without the need for more than finger or hand pressure; 
"hot melt adhesive" means a material that is substantially non-tacky at room temperature but is capable of being 
10 heated to a viscous state to form a bond to a substrate by wetting out the substrate and subsequently cooling to 

form a bond; 

"tackification" means a state in which the adhesive reaches a temperature at which the adhesive is capable of 
wetting out and forming a bond with a substrate; 

"thermal conductivity (k)" is defined as the time rate of transfer of heat by conduction, through unit thickness, across 
15 unit area for unit difference of temperature; and 

"heat capacity (Cp)" is defined as the quantity of heat required to increase the temperature of a system or substance 
one degree of temperature; 

[0009] Other features and advantages will be apparent from the following description of the embodiments thereof, 
20 and from the claims. 

Brief Description of the Drawings 

[0010] The above, as well as other advantages of the present invention will become readily apparent to those skilled 
25 jn the art from the following detailed description when considered in the light of the accompanying drawings in which: 

Fig. 1 is a perspective view of a device according to the present invention. 

Detailed Description 

30 

[001 1 ] The present invention improves the bond between a bonding agent and an electrically conductive substrate. 
The method is ideally suited for use in bonding two substrates together wherein at least one substrate is an electrically 
conductive substrate. 

[001 2] It is often desirable to bond a substrate or article to a metal substrate. This is particularly true in the manufacture 
35 of motor vehicles where it is generally necessary to form a bond to a metal substrate or metal surface. Additionally, in 
an automotive manufacturing environment, the time for forming the bond is generally short in duration because of 
manufacturing constraints. 

[001 3] Heat-activated, or hot melt, bonding agents are one form of adhesives that have been used in bonding articles 
to metal surfaces or substrates. Heat-activated, hot-melt adhesives are materials which rely on applied heat to soften 

40 the adhesive so that the viscosity of the material will be lowered to a point where it is sufficiently mobile to achieve a 
condition of flow. This allows it to wet-out against a substrate. The adhesive or sealant solidifies on cooling which 
results in very rapid bond formation. Hot melt materials have been used extensively in bonding operations where it is 
desirable to rapidly build green strength simply upon cooling. Hot melt adhesives have also been developed which 
undergo a latent chemical reaction after application which results in acrosslinking of the adhesive to achieve a thermally 

4 5 irreversible bond. 

[0014] The utilization of hot-melt adhesives to adhere to metallic substrates can result in the formation of deficient 
bond strength between the bonding agent and the metal adherend. This deficiency is magnified when the mass of the 
metal substrate is large relative to the mass of the adhesive. The adhesion between the hot-melt adhesive and metal 
structure results in low measured adhesive values displaying an adhesive failure mode between the two materials, 

50 and an observed quenched skin of adhesive if it is rapidly removed from the adherend. This is an unexpected result 
in view of the heat capacities of the adhesive and metallic substrates. The heat capacity of a given polymer is not a 
single value and is represented by a function that depends upon the state of the polymer (crystalline, amorphous, 
liquid, solid) and on the thermal history. Heat capacity of the polymer in the proximity of the glass transition region is 
also dependent on the heating rate during the measurement. The relatively high heat capacity of the adhesive would 

55 suggest an ability to sustain its temperature for a sufficiently long period of time and retain its low viscosity and ability 
to wet the metallic substrate, as well as an ability to directional ly heat the metal when the two materials are brought 
into contact with one another. This balance also indicates that increasing the temperature of the adhesive has a direct 
affect on adhesion and therefore suggests that there should not be an adhesion problem. However, the heat capacity 
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balance fails to address the overall dynamics of the bonding process. 

[001 5] The thermal conductivity of the bonding agent and the electrically conductive substrate address the dynamics 
of the bonding process. With heat-activated bonding agents, the high heat transfer characteristics of metal can remove 
heat from the bonding agent at the initial contact interface. The relative difference between thermal conductivity of a 
s metallic material and a hot-melt adhesive is on the order of 1 0 3 . This difference in thermal conductivity and heat capacity 
of the metallic substrate and the bonding agent creates a complex, dynamic, and unpredictable balance of thermal 
management with the objective of maintaining enough fluidity in the bonding agent for a sufficient time to achieve 
adequate wet-out and bond formation. 

[0016] The relatively rapid heat transfer capabilities of the metal, coupled with the slow heat transfer through the 
10 bonding agent, can result in the solidification or skinning of the outermost layer of the bonding agent which is in direct 
contact with the metal. The freezing of the hot melt adhesive or sealant bonding surface is observed to occur virtually 
instantaneously. The rapid solidification of the contact surface of the bonding agent will then result in poor wet out. 
Thus the overall bond strength may be adversely affected by the wet out conditions and can result in the adhesive 
failure of the bonding agent. 

15 [0017] The present invention involves a method that can facilitate the bond formation process. The method relies on 
the use of an induction field which is capable of pin-point or localized application of heat to the bondline of a bonding 
agent assembly. By focusing the thermal energy at the bonding interface, the quenching or freezing of the bonding 
agent can be overcome. The method of the present invention significantly enhances the wet-out process to electrically 
conductive substrates. In addition, exposing a bonded assembly prepared from a pressure-sensitive adhesive to an 

20 induction field significantly increasing the rate of building adhesive strength to the metallic or painted metal substrate. 
The utilization of an induction field as an internal source of heat generation in the electrically conductive substrate 
allows one to avoid potential impact with thermally sensitive components since it only imparts heat where it is needed. 
In addition, this method serves as a means of minimizing or eliminating environmental effects such as substrate tem- 
perature which can vary greatly on a seasonal basis. 

25 [0018] In accordance with the method of the present invention, an electrically conductive substrate is heated with 
an induction heating system to enhance the wet out of a bonding agent applied onto a surface of the substrate. Any 
electrically conductive substrate which is responsive to an induction field is suitable for use with the present invention. 
Generally, metal substrates or painted metal substrates are utilized. 

[0019] A non-conductive substrate is also utilized in the method of the present invention. The present invention is 
30 suitable for bonding two substrates together through the application of a bonding agent. The non-conductive substrate 
does not respond or heat up upon activation of the induction heating system. All non-conductive materials that are 
capable of receiving or bonding to a bonding agent are suitable for use with the present invention. Examples of non- 
conductive substrates would include glass, plastic or reinforced composite substrates. 

[0020] In a preferred embodiment, the method of the present invention is suitable for bonding glass to metal frames. 
35 For example, a glass substrate may be bonded to a metal frame of a motor vehicle. Additionally, the glass can include 
a ceramic frit as a bonding surface for the bonding agent. The method of the present invention is also suitable for use 
in mounting a glazing or encapsulated glass fixtures onto metal frames. 

[0021] The bonding agent of the present invention is a material that includes at least one exposed adhesive layer 
that is a solid at room temperature and is substantially stable in form and dimension. Other layers may include com- 
40 positions that are suitable for bonding to specific non-conductive substrates. The exposed layer of the bonding agent 
is responsive to heat and is able to take on flow characteristics upon the application of heat. Preferably, the bonding 
agent is a pressure sensitive adhesive or a hot melt adhesive. 

[0022] Pressure-sensitive adhesives represent a unique class of materials that are capable of forming a bond to a 
substrate through the application of pressure. The use of pressure causes the adhesive to wet out on the substrate. 

45 The application of heat is an alternative means of increasing the adhesion performance of the pressure-sensitive ad- 
hesive. For pressure sensitive adhesives, the increased performance is measured as a rate of strength build to a 
particular failure mode exhibited by the pressure-sensitive adhesive to substrates, such as metal or painted metal. The 
inductive heating forms a bond by improving the wet out capabilities at the bonding surface. The bonds exhibit a 
cohesive failure mode in a relatively short time period with a minimal affect on the adherends. This enables pressure 

so sensitive adhesives to be used in applications demanding high performance in relatively short time periods, such as 
in manufacturing of a motor vehicle. 

[0023] Hot melt adhesives are also suitable for use with the inventive method. Hot melt adhesives include both 
thermoplastic and thermosettable materials. Examples of thermoplastic hot melt adhesives can include, but are not 
limited to, polyesters, urethanes (ether ester), vinyl acetate copolymers, or polyolefins. Suitable thermosettable hot 
55 melt adhesives include moisture activated adhesives, light activated adhesives, radiation activated adhesives or com- 
binations thereof. Conventional thermosettable hot melt adhesive recognized by those skilled in the art are suitable 
for use in the present invention. 

[0024] Thermosettable materials can include for example moisture cured urethanes, epoxy resins, and epoxy con- 
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taining materials such as epoxy resins with thermoplastic materials. Examples of such materials include epoxy/acrylate 
compositions such as those described in U.S. Patent No. 5086088 (Kitano et al.), epoxy polyester compositions such 
as those described in WO 99/16618, published April 8, 1999, and epoxy/ethylene vinyl acetate compositions such as 
those described in U.S. Application No. 09/070971, filed May 1, 1998. Preferably, the thermosettable materials are 

s provided in the form of a tape. The tape can further include one or more other layers such as a foam core, an adhesive 
layer, tie layers between the thermosettable material and the core or adhesive, primer layers, and the like. 
[0025] In one embodiment of the present invention, the bonding agent is bonded to a non-conductive substrate and 
then subsequently applied onto the electrically-conductive substrate while utilizing the inventive method. The applica- 
tion process is often dependent upon the specific substrates and handling constraints of a particular application. For 

io example, with hot melt adhesives it is necessary to heat the hot melt adhesive to a bondable state prior to application 
onto the electrically conductive substrate. 

[0026] The method of the present invention is beneficial when the thermal conductivity of the electrically conductive 
substrate is greater than the thermal conductivity of the pressure sensitive adhesive or the bonding agent. Typically, 
the thermal conductivity of the electrically conductive substrate is greater than a factor of ten, and most preferably 

1$ greater than a factor of 1 00. 

[0027] The utilization of an activatable bonding agent, such as heat activated or radiation activated sealants, generally 
requires the activation of the hot melt adhesive. Generally, activation takes place immediately prior to application to 
the substrate. Alternatively, activation may occur after the hot melt adhesive is applied to the electrically conductive 
substrate. The activation can include exposing the bonding agent to visible light, infrared radiation or ultraviolet radi- 

20 ation. 

[0028] Pressure sensitive adhesives and hot melt adhesives may be applied onto the non-conductive substrate in 
varying thicknessess. The present invention is directed to addressing the issue of the thermal dynamics atthe outermost 
layer of the adhesive at the contact point with the electrically conductive substrate. In certain applications of hot melt 
adhesives, it may be desirable to utilize a relatively thick adhesive so that the adhesive may function as a sealant. For 
25 purposes of the invention, adhesives are generally considered sealants if the thickness of the adhesive is greater than 
0.5 mm. With either hot melt adhesives or pressure sensitive adhesives, the heat from the electrically conductive 
substrate is directed toward addressing the solidification of the contact surface of the adhesive and not addressing the 
heating of the entire thickness of the adhesive layer. 

[0029] Conventional induction heating systems are suitable for use in the method of the present invention. The energy 

30 rating of the system will vary depending on the substrates and bonding agents utilized in given applications. However, 
a preferred energy rating would be in the range of about 25 kilohertz to about 90 kilohertz. The power of the induction 
heating system is selected based upon the specific application. For example, certain electrically conductive substrates 
will require more power at a given frequency in order sufficiently heat the substrate. The induction heating system 
provides sufficient energy to heat the electrically conductive substrate to a temperature high enough to enhance the 

35 wet out of the bonding agent on the surface of the electrically conductive substrate. The conductive heat transfer from 
the substrate to the bonding agent should be maintained at a sufficient level to assist in the wetting process and delay 
the solidification of the outersurf ace of the bonding agent. Those skilled in the art of providing induction heating systems 
are capable of providing a system for specific substrates and bonding agent to achieve the enhanced bond formation 
according to the present invention. 

40 [0030] The temperature limitations for the method of the present invention are dictated by the specifics of the desired 
substrates and bonding agents. The lower temperature limit will vary for selected bonding agents. Preferably, the 
temperature of the electrically conductive substrate achieves the tackification point of the bonding agent. The upper 
limitation of the induction heating system is generally dictated by the electrically conductive substrate. The temperature 
must not exceed the degradation temperature of the metal substrate. For example, the temperature of a painted metal 

45 substrate should not exceed the level where the bond between the paint and the metal is damaged. A preferred tem- 
perature range would be about 25°C to about 140°C. 

[0031] The elevated temperature of the electrically conductive substrate is sufficient to affect the wet out of the 
adhesive at the contact surface of the adhesive and electrically conductive substrate. The heat enhances the time 
constraints associated with bond formation in large scale manufacturing processes. The thermosettable hot melt ad- 

so hesives used in the present invention are provided in a bondable state. A bondable state indicates that they have been 
activated and already have sufficient energy to cure upon application. Therefore, it is not necessary to provide energy, 
in the form of heat, through the electrically conductive substrate to activate the curing mechanism. The thickness of 
the material impacts the thermal cure gradient. However, those skilled in the art will recognize that the applied heat 
can effect the first order kinetic reaction and may have an impact on the acceleration of the cure. 

55 [0032] The induction heating system is activated either prior to application of the bonding agent onto the electrically 
conductive substrate, after application of the bonding agent onto the electrically conductive substrate, or both. The 
system is preferably activated to maintain the surface temperature of the electrically conductive substrate above the 
tackification point of the bonding agent. The induction heating system is activated for a period of time sufficient to 
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enhance wet out to the bonding agent. The duration will vary depending upon the particular bonding agent and the 
electrically conductive substrate. Those skilled in the art are capable of determining the time frame to achieve satis- 
factory wetting of the adhesive. Upon de-activation of the induction heating system, the bonding agent will begin to 
cool down and solidify to provide sufficient green strength. This is a very rapid process and is magnified as the mass 

5 of the electrically conductive substrates. 

[0033] The induction heating system can be activated after application of the bonding agent onto the electrically 
conductive substrate. Preferably, the activation of induction heating occurs prior to solidification of the contact surface 
of the bonding agent. Those skilled in the art are capable of determining the time limitation for initiating the induction 
heating upon contact of the bonding agent to the electrically conductive substrates. The time limitations may vary for 

10 specific adhesives and applications. 

[0034] The bond formed through the method of the present invention is generally stronger than bonds formed from 
conventional sealing practices. The improved wet out strengthens the bond as demonstrated through adhesion test 
results. The bonds formed through the use of the present invention generally result in cohesive failure while conven- 
tional practices result in adhesive failure. The stronger bond created by utilization of induction heating to improve the 

15 wet out is also demonstrated through the pluck test, fully described in the Examples section. The pluck test shows that 
bonds formed with the present inventive method require greater force to pull the substrates apart when compared to 
bonds formed from conventional practices. 

[0035] The method of the present invention is suitable for bonding two separate substrates together through the 
application of a bonding agent. The substrates and bonding agents may vary for different practices. Preferably, the 

20 electrically conductive substrate is capable of reaching at least the tackification point of a given bonding agent. In a 
preferred application, the method of the present invention is suitable for bonding glass substrates to metal frames, for 
example a windshield in a motor vehicle. The utilization of the method in the production of motor vehicles enhances 
the use of particular bonding agents because they are able to achieve higher performing bonds in a shorter period of 
time. The ability to achieve green strength at a faster pace is particularly important under time constraints of a manu- 

25 facturing assembly line. 

[0036] A device suitable for practicing the method of the present invention is depicted in FIG. 1 . The device 10 is 
generally a support 12 for releasably holding a substrate 20. The substrate 20 can be held directly by the support 12 
orthrough various conventional attaching devices. For example, FIG. 1 depicts vacuum cups 18 attached to the support 
12 for holding the substrate 20. A bonding agent (not shown) is affixed to at least a portion of the substrate 20. The 

30 support 12 generally holds the substrate 20 in position over an electrically conductive substrate (not shown). In an 
alternative embodiment, the support 12 is positioned about a periphery of the substrate 20 to apply pressure through 
the substrate 20 to the bonding agent. An induction heating system 14 is attached to at least a portion of the support 
20. The induction heating system 14 is generally aligned with the selected bond line for the desired application. The 
device 10 can include a support arm 16 for positioning the substrate in close proximity to an electrically conductive 

35 substrate for formation of a bond. The induction heating system 14 is located in the support 12, or attached to it, and 
activated when the substrates are in their desired position. The induction heating system 14 is activated during appli- 
cation or after application to achieve the beneficial results of the present inventive method. Upon the development of 
sufficient green strength, the support 12 releases the substrate 20 and is moved away. 

[0037] The following non-limiting examples further illustrate the present invention. Unless otherwise indicated, the 
40 following test procedures were used in the examples. The particular materials and amounts recited in these examples, 
as well as other conditions and details, are to be interpreted broadly in the art and should not be construed to unduly 
restrict or limit the invention in any way. 

Examples 

45 

90 Degree Peel Adhesion 

[0038] This test measures the peel adhesion force of a bonding material, e.g., adhesive or sealant, to various paint 
substrates using various induction heating times. 
so [0039] The test substrates used are metal panels painted with automotive paints as follows: 

A - RK-8010 available from ACT, Hinsdale Mi 
B - DCT-5002 available from ACT, Hinsdale Ml 

55 [0040] The sealant or adhesive, provided on a release liner is cut into 1 .27 cm by 10.16 cm strips. If there are two 
release liners, one of the release liners is removed and the exposed adhesive or sealant surface is placed on the panel 
using light hand pressure. A hand held unduction heating unit, such as the one disclosed in U. S. Application No. 
09/422,607, filed October 21 , 1 999, and assigned Attorney Docket No. 551 75USA1 A, herein incorporated by reference, 
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is utilized as the induction source for the Examples. The hand held induction heating head of the induction heating 
system (500 watt, 25 kiloHertz induction source made by Magneforce, Warren OH) is placed in contact with the release 
liner for each Example and moved along the strip by hand at one of two speeds as indicated: the first speed is approx- 
imately 12 inches/minute (30.48 cm/minute), and the second speed is approximately 4 inches per minute (10.16 cm/ 

5 min). The induction heating time of a sample at the first speed is approximately 20 seconds, and the induction heating 
time of a sample at the second speed is approximately 60 seconds. After heating, the release liner on the strip is 
removed and the exposed surface is laminated to a 127 micrometer thick strip of anodized aluminum foil with one pass 
of 6.8 kg roller at a speed of approximately 30.48 cm/min to form a test sample. Test samples are also prepared in a 
like manner without induction heating. Test samples at various aging times (Aging Time on Paint) are tested immediately 

10 after lamination, after aging 20 minutes at21°C, after aging 1 hour at 21 °C, and after aging 24 hours at21°C, using 
an Instron™ tensile tester to peel the aluminum foil from the painted panel at a 90 degree angle at a crosshead speed 
of 30.48 cm/minute. Two samples are tested at each condition and the average peel adhesion value (Peel Adh) is 
reported in the examples below in Newtons/decimeter (N/dm). The failure mode is also noted as: POP-the strip of tape 
pulls cleanly off of the painted surface leaving little if any residue, COH-the strip of tape splits leaving portions of 

15 adhesive on both the painted surface and on the aluminum foil and/or the foam tape, if present, splits, and MIX where 
both failure modes occurred in the sample. 

Pluck Test 

20 [0041] This test measures the force required to pull or pluck a piece of glass away perpendicularly from a painted 
metal panel to which it is bonded with a sealant or adhesive. 

[0042] The painted test substrates are the same as those described in the peel adhesion test. A 69.9 mm by 38.1 
mm by 5.8 mm thick glass plate is cleaned with a 50/50 mixture of isopropyl alcohol and water. After drying the glass, 
it is primed by wiping with an adhesion promoter (ChemlokAP-1 34 Adhesion Promoter available from Lord Corporation 

25 - Erie PA) and dried for about 10 minutes at 21 °C. 

[0043] A 1 .27cm by 1 .27 cm square sample of adhesive or sealant is cut and applied to the surface of the painted 
panel. The primed glass surface is then placed on top of the sample and pressed onto it with firm hand pressure. The 
induction heater described in the 90 Degree Peel Adhesion Test is placed on the glass above the sealant for 2 different 
times-30 seconds and 60 seconds. A control with no induction heating is also conducted. The samples are then tested 

30 immediately after heating, after aging 20 minutes at 21 °C, after aging 60 minutes at 21 °C, and after aging 24 hours at 
21 °C. The samples are tested using an lnstron™Tensile Tester. The panel is clamped in the jaw of the crosshead, and 
the lateral edges of the glass plate are clamped in the upper jaw so that the glass is plucked away perpendicularly 
from the panel at a speed of 1 inch/minute (2.54 cm/min.) The peak load value is recorded in pounds per 0.25 square 
inch and presented in the table below in kiloPascals (Pluck kPa). The failure mode is also noted according to the criteria 

35 described in the 90 degree Peel Adhesion Test. 

Example 1 

[0044] A 2.54 mm thick adhesive foam tape was prepared by mixing 90 parts of isooctyl acrylate, 1 0 parts of acrylic 
acid, and 0.04 parts of a photoinitiator (benzil dimethyl ketal available as lrgacure™651 from Ciba Geigy). The mixture 
was exposed to low intensity ultraviolet radiation to a viscosity of about 2200 centipoise. An additional 0.1 parts of 
benzil dimethyl ketal was added as well as 0.08 parts of 1 ,6-hexanedioldiacrylate, 6 parts K1 5 glass bubbles, and 1 .5 
parts of hydrophobic silica (Aerosil™R972). The composition was mixed until it was uniform throughout, degassed, 
and then pumped into a 90mm frother (available from E.T. Oakes, Hauppage, NY) operating at about 300 to 350 rpm. 

^5 Concurrently, and continuously, nitrogen, black pigment (PennColor 9B117), and approximately 1 .5 parts of a 60/40 
mixture of surfactant A/surfactant B were fed into the frother per 100 parts of the total composition. The nitrogen was 
controlled to provide the desired foam density. Surfactant A was C 8 F 17 S0 2 N(C2H 5 )(C 2 H 4 0) 7 CH3 and surfactant B was 
a 50% solids solution in ethyl acetate of the fluoroaliphatic oligomer of Example 2 of U.S. Pat. No. 3,787,351 . The 
black pigment was added in an amount to provide a finished product L value of about 40 as measured with a Hunter 

50 Lab colorimeter (Color 'L' colorimeter and a D25 Optical Sensor, both available from HunterLab Associates, Reston 
VA). The frothed mixture was delivered under a pressure of 205 kiloPascals to the nip of a roll coater to a thickness of 
about 2.54 mm between a pair of sheets of transparent, biaxially-oriented polyethylene terephthalate, the facing sur- 
faces of which had release coatings, to produce a composite. The tubing was partially constricted by a clamp to provide 
the desired level of pressure in the frother. The composite emerging from the roll coater was irradiated from both the 

55 top and bottom with banks of Sylvania fluorescent black light bulbs, 90% of the emissions of which were between 300 
and 400 nm, with a maximum of 351 nm. The composite was successively exposed to the bulbs at an intensity of 4.5 
milliwatts per square centimeter (mW/cm 2 ) and a total energy of 280.9 milliJoules per square centimeter (mJ/cm 2 ) 
each from the top and bottom, then likewise to an intensity of 6.5 mW/cm 2 and a total energy of 405.6 mJ/cm 2 and 
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then likewise to an intensity of 7.5 mW/cm 2 and a total energy of 656.9 mJ/cm 2 . Light measurements were measured 
in NIST units. The cured foam had a density of 0.59 g/cm 3 . 

[0045] The tape was used as the test adhesive on two automotive paints, different induction heating times, and 
different room temperature aging times as described in the Peel adhesion test. Test results are shown in Table 1 . 
5 [0046] Similarly, samples of adhesive foam tape measuring 1 .27 cm by 1 .27 cm were tested according to the Pluck 
Test described above. Test results are shown in Table 2. 



Table 1 



15 



20 



25 



30 



- Peel Adhesion Values 


Induction 
Time 


0 Sec 


20 sec 


60 sec 


Aging Time 
on Paint 


Peel Adh - N/ 
dm 


Failure Mode 


Peel Adh - N/ 
dm 


Failure Mode 


Peel Adh - N/ 
dm 


Failure Mode 


A-no aging 


24.5 


POP 


38.5 


POP 


108.6 


COH 


A-20 
minutes 


42 


POP 


61.3 


POP 


145.4 


MIX 


A-60 
minutes 


52.6 


POP 


80.55 


POP 


152.4 


MIX 


A-24 hours 


68.3 


POP 


78.8 


POP 


162.9 


COH 
















B-no aging 


26.2 


POP 


42.2 


POP 


85.8 


MIX 


B-20 
minutes 


52.6 


POP 


59.6 


POP 


197.8 


MIX 


B-60 
minutes 


52.6 


POP 


66.6 


POP 


204.8 


MIX 


B-24 hours 


63.1 


POP 


71.8 


POP 


183.8 


COH 



[0047] The data in Table 1 show the advantage of induction heating for bonding an adhesive tape to various paint 
substrates with varying aging times. In general, induction heating of the substrate increases the wet out and interaction 
of the adhesive to the surface as indicated by the increase in adhesion values upon use of induction heating. The 
ability to rapidly build adhesion can have significant impact on the ability of an adhesive system to achieve a requisite 
level of performance in several manufacturing situations such as installing or assembling components for an automo- 
bile. The data show that the rate of increase in peel adhesion values is greater with induction heating than is achieved 
with only aging at room temperature. Additionally, the values approach the ultimate values that can be achieved as 
evidenced by the failure modes becoming mixed and cohesive. It is noted that the mixed failure modes and slightly 
lower adhesion values on samples with induction heating but no aging time may be the result of reduced modulus of 
the foam tape from heating. 



Table 2 



45 



50 



55 



- Pluck Values 


Induction Time 


0 Sec 


30 Sec 


60 sec 


Aging Time on Paint 


Pluck Kpa 


Failure Mode 


Pluck kPa 


Failure Mode 


Pluck KPa 


Failure Mode 


A-immediate 


198.6 


POP 


182.0 


FS 


193.1 


FS 


A-20 minutes 


204.1 


POP 


303.4 


POP 


350.3 


FS 


A-60 minutes 


182.3 


POP 


217.9 


POP 


366.8 


FS 


A-24 hours 


237.2 


POP 


220.6 


POP 


303.4 


MIX 
















B-immediate 


184.8 


POP 


63.4 


POP 


157.2 


POP 
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Table 2 (continued) 



- Pluck Values 


Induction Time 


0 Sec 


30 Sec 


60 sec 


Aging Time on Paint 


Pluck Kpa 


Failure Mode 


Pluck kPa 


Failure Mode 


Pluck KPa 


Failure Mode 


B-20 minutes 


228.9 


POP 


237.2 


POP 


226.2 


POP 


B-60 minutes 


190.3 


POP 


212.4 


POP 


259.23 


POP 


B-24 hours 


242.7 


POP 


248.2 


POP 


295.1 


MIX 



[0048] The data in Table 2 show the advantage of induction heating of a surface to improve the wet out of the adhesive, 
and thereby increase the adhesion to both a painted panel and a glass plate. As the induction heating time is increased, 
the force required to pluck the glass plate from the panel increases, and the failure mode was improved on both types 
of painted surfaces. 

Example 3 

[0049] A moisture curing hot melt (3M Jet-Weld TS-230 Thermoset Adhesive available from 3M Company, St. Paul 
MN) was heated and applied from the applicator gun at a temperature of 1 1 8°C directly to a cleaned and primed glass 
surface in a square of about 1 .27 cm by 1 .27 cm and a thickness of approximately 2 mm. The bonding agent and glass 
samples were immediately applied to Paint substrate B with 2 mm thick spacers to maintain the bond line thickness 
and prevent the hot melt from squeezing out. The samples were then either exposed to induction heating for 30 seconds 
or allowed to bond with no induction heating. Each Example was then aged for about 24 hours before testing. Results 
are shown in Table 3. The Examples bonded with induction heating exhibited a desired cohesive failure when subjected 
to the pluck test. 

Example 4 

[0050] A 1 .27 cm by 1 .27 cm square of the foam tape of Example 1 was applied to glass using hand pressure. The 
moisture curing hot melt of Example 3 was applied to the surface of the foam tape so that entire surface of the foam 
was covered with hot melt but taking care to avoid letting the hot melt run over the edge and encapsulating the foam 
tape. The bonding agent and glass sample was then applied to Paint substrate B using light hand pressure to ensure 
contact of the entire hot melt surface to the glass. Some of the hot melt was observed to squeeze out of the bondline 
during this preparation step. One sample was subjected to induction heating and another bonded without induction 
heating. The sample was exposed to the induction heating for 30 seconds immediately after application onto the sub- 
strate. The samples were aged for 24 hours and tested according to the Pluck Test. Test results are shown in Table 3. 
The data in Table 3 indicates the enhanced adhesion of both Examples 3 and 4 after the utilization of induction heating. 



Table 3 



- Pluck Test 


Induction Time 


0 Seconds 


30 Seconds 


Pluck - kPa 


Failure Mode 


Pluck - kPa 


Failure Mode 


Example 3 


0 


POP 


2057.4 


COH 


Example 4 


317.2 


FS 


2843.4 


COH 



Example 5 

[0051 ] A 1 .27cm by 1 0. 1 6 cm strip of the foam adhesive tape of Example 1 was applied to 5.08 cm by 1 2.7 cm piece 
of glass (primed with AP-134 Adhesion Promoter) by centering the tape on the glass and pressing firmly with hand 
pressure. The hot melt adhesive of Example 3 was then applied at 1 1 8°C to the surface of the foam tape by centering 
it in the middle of the foam and allowing it to flow out to cover the surface of the foam with a layer of adhesive approx- 
imately 1mm thick. The adhesive and foam tape were immediately covered with a tow density polyethylene film such 
that hot melt adhesive was entirely covered by the film and the film adhered to the edges of the tacky foam tape creating 
a closed environment for the hot melt adhesive. The composite article was aged for 4 hours under room temperature 
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conditions. The film was then removed cleanly from the adhesive surface and the glass composite was heated for 5 
minutes in an oven set at 1 20°C. The composite was removed from the oven and adhered to painted substrate B using 
firm hand pressure to the glass surface. Some squeeze out of the moisture cure hot melt was observed to occur during 
pressing. The hand held induction heater was then placed on the glass surface and moved at a rate of approximately 

s 15 seconds per inch (speed of 10.16 cm/min). After aging the composite for 24 hours at room temperature the glass 
was pulled by hand from the painted panel causing a mixed mode of failure including foam COH, POP, and paint 
removal from the steel panel. This example illustrates a two-layered tape construction having a foam layer and a 
moisture curable layer which was protected from ambient moisture with a film. The use of induction heating allowed 
the curable tape to achieve a high strength bond to both the glass and the painted surfaces as evidenced by the mixed 

10 failure modes. 

Example 6 

[0052] A sealant composition having 45 parts of ethylene resin (Elvaloy 741 available from DuPont Co.), 20 parts of 
15 epoxy resin (ERL 4221 available from Union Carbide), 35 parts of a hydrocarbon tackifier (Escorez EC180 available 
from Exxon Chemical Co.), and 0.2 parts of an epoxy curative composition was extruded into a strand having a trap- 
ezoidal cross-section. A tape was prepared by casting the strand onto the surface of a 4 mm thick and 127 mm wide 
foam tape on a release liner prepared described in Example 1 , with the base of the trapezoid on the foam. The epoxy 
curative composition was a 50/50 blend of caprolactone and (eta 6 -m-xylene) (eta 5 -cyclopentadienyl)iron (1+) hex- 
20 afluoroantimonate as disclosed in U.S. Patent No. 5,089,536 (Palazzotto). The trapezoidal cross-section had a height 
of 9 mm, base width of 9.5 mm and an apex width of 3 mm. The extruder was a 1 9 mm BP extruder with five heating 
zones. The temperatures were set as follows: Zone 1 - 40°C, Zone 2 - 95°C, Zone 3 - °C, Zones 4 and 5 - 1 05°C, and 
the screw speed was 250 rpm. 

[0053] A test assembly was prepared by placing a 1 01 .6 mm by 304.8 mm by 1 .65 mm thick thick anodized aluminum 
25 plate on a slate lab bench. A metal panel painted with DCT-5002 paint having the same dimensions was placed directly 
over the plate with a thermocouple sensor (Fluke 52 dual thermocouple with K-type sensors) positioned between the 
panel and the plate. A second thermocouple sensor was placed on the painted panel in a position directly above the 
first sensor. 

[0054] A strip of tape 100 mm long was cut and positioned with the foam side on a 0.1 mm thick biaxially oriented 
30 polyester release liner. This composite was placed in an oven set at 1 20°C for the 3 minutes at which time the surface 
of the sealant appeared fluid. Immediately after heating, the tape was placed on top of the second sensor and the 
painted panel with the sealant against the panel and sensor. The tape was pressed lightly so that approximately 3 mm 
of sealant squeezed out around the perimeter of the foam. The temperatures were then monitored and recorded for 
300 seconds with the first sensor between the plates indicating the metal substrate temperature (T m ) and the second 
35 sensor indicating the sealant temperature (T s ) for the first test. The test was repeated except that immediately after 
pressing the composite onto the panel and sensor, the induction heater described in Example 1 was placed on top of 
the polyester film in a position approximately over the sensors. The induction heater was held in place for 30 seconds 
at which time the metal substrate reached a temperature of 224°C and the induction heater was turned off. The tem- 
peratures for both tests are shown in Table 4. 

40 



Table 4 



50 



Time (seconds) 


3 minutes oven heating 


3 minutes oven heating followed with induction 


VC 


VC 




vc | 


0 


72 


72 


72 


72 




72 


156 


79 


159 


10 , 


75 


146 


90 


173 


15 


75 


143 


117 


174 


20 


76 


140 


147 


NA* 


25 


77 


NA 


186 


NA 


30 


77 


135 


224" 


173 


40 


78 


129 


201 


167 


50 


79 


125 


188 


164 
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Table 4 (continued) 





Time (seconds) 


3 minutes oven heating 


3 minutes oven heating followed with induction 








T S °C 




T S °C 


5 


60 


80 


121 


175 


157 




70 


80 


118 


162 


153 




80 


80 


117 


147 


150 


10 


90 


80 


113 


141 


143 




100 


80 


112 


134 


139 




110 


79 


108 


128 


136 


15 


120 


79 


107 


125 


132 


130 


79 


103 


117 


128 




140 


79 


102 


114 


127 




150 


79 


101 


110 


123 


20 


160 


79 


98 


109 


120 




170 


78 


97 


106 


118 




180 


78 


96 


105 


115 


25 


190 


78 


95 


100 


111 | 


200 


78 


94 


100 


110 




210 


77 


92 


99 


109 




220 


77 


91 


97 


108 


30 


230 


77 


90 


96 


NA 




240 


77 


89 


95 


103 




250 


77 


88 


93 


102 


35 


260 


76 


88 


92 


101 


270 


76 


87 


91 


100 




280 


76 


86 


90 


98 




290 


76 


86 


89 


97 


40 


300 


76 


85 


88 


95 




*NA-measurement not available "Induction heating stopped 



[0055] The data in Table 4 show that even though the sealant is much hotter than the substrate, the amount of heat 
transferred to the substrate caused a temperature rise in the substrate of only about 8 degrees to 80°C. This temper- 
ature is well below the solidification temperature of the sealant. The tape test assemblies were cooled to room tem- 
perature and pried apart with a metal spatula. The assembly from the first test exhibited an adhesive failure in which 
the sealant pulled cleanly away from the painted metal panel. This indicated that on contact with the metal panel the 
sealant, even though the adhesive was fluid, was cooled sufficiently to quench the sealant surface so that adequate 
wet out of the metal paint panel was not achieved. The second fixture with induction heating exhibited a cohesive 
failure. Additionally, the sealant flowed from the bond line indicating that the sealant was fluid enough to spontaneously 
wet out the painted panel. 

[0056] The present invention has been described in what is considered to represent its preferred embodiment. How- 
ever, it should be noted that the invention can be practiced otherwise than as specifically illustrated and described 
within the scope of the claims. 
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Claims 

1 . A bonding method, comprising: 

5 (a) providing a non-conductive substrate with a bonding agent bonded to at least a portion of said non-con- 

ductive substrate, said bonding agent including a pressure sensitive adhesive or a hot melt adhesive, said hot 
melt adhesive heated to a bondable state; and 

(b) heating an electrically conductive substrate with an induction heating system, said electrically conductive 
substrate suitable for receiving the pressure sensitive adhesive or hot melt adhesive of said bonding agent, 
10 said electrically conductive substrate having a greater thermal conductivity than the pressure sensitive adhe- 

sive or hot melt adhesive, wherein said electrically conductive substrate is heated to enhance the wet out of 
the pressure sensitive adhesive or hot melt adhesive upon application to the electrically conductive substrate. 

2. The method as recited in claim 1 , wherein said hot melt adhesive is a thermosettable adhesive. 

15 

3. The method as recited in claim 2, further comprising activating said hot melt adhesive prior to application and 
contact of said bonding agent to said electrically conductive substrate. 

4. The method as recited in claim 3, wherein activating said bonding agent includes exposing said hot melt adhesive 
20 to visible light, infrared radiation or ultraviolet radiation. 

5. The method as recited in claim 1 , wherein said bonding agent forms a cohesive bond between said electrically 
conductive and non-conductive substrates as indicated by peel adhesion test results. 

25 6. The method as recited in claim 1 , wherein said heating with an induction heating system occurs prior to application 
and contact of said bonding agent to said electrically conductive substrate. 

7. The method as recited in claim 1 , wherein said heating with an induction heating system occurs after application 
of said bonding agent onto said electrically conductive substrate. 

30 

8. The method as recited in claim 7, wherein said bonding agent includes said hot melt adhesive and said induction 
heating is activated prior to the solidification of a surface of said hot melt adhesive in contact with said electrically 
conductive substrate. 

35 9. The method as recited in claim 1 , wherein said hot melt adhesive is selected from the group consisting of thermo- 
plastic hot melt adhesives, moisture activated adhesives, light activated adhesives, radiation activated adhesives 
or combinations thereof. 

10. The method as recited in claim 1, wherein said induction heating system is operated at a frequency in the range 
40 of about 25 kilohertz to about 90 kilohertz. 

11. The method as recited in claim 1 , wherein said electrically conductive substrate is heated to a temperature within 
the range of about 25°C to about 140°C. 

^5 12. The method as recited in claim 1 , wherein said non-conductive substrate is glass 

13. The method as recited in claim 12, wherein said glass is a glazing for a motor vehicle. 

14. A bonding method, comprising: 

50 

(a) providing a glass substrate with a bonding agent bonded to at least a portion of said glass substrate, said 
bonding agent including a pressure sensitive adhesive or a hot melt adhesive, said hot melt adhesive heated 
to a bondable state; 

(b) heating an electrically conductive frame with an induction heating system, said electrically conductive frame 
55 suitable for receiving the pressure sensitive adhesive or curable hot melt adhesive of said bonding agent, said 

electrically conductive substrate having a greater thermal conductivity than the pressure sensitive adhesive 
or curable hot melt adhesive, and 

(c) applying said glass onto said electrically conductive frame so that the pressure sensitive adhesive or the 
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hot melt adhesive contact said electrically conductive frame, wherein said heated electrically conductive frame 
enhances the wet out of the pressure sensitive adhesive or curable hot melt adhesive. 

15. The method as recited in claim 14, wherein said heating occurs either prior to application of the pressure sensitive 
s adhesive or hot melt adhesive, during application of the pressure sensitive adhesive or hot melt adhesive, after 

application of the pressure sensitive adhesive or hot melt adhesive, or combinations thereof. 

16. The method as recited in claim 14, wherein said frame is painted metal. 

10 1 7. A device for bonding two substrates together, comprising a support for releasably holding a non-conductive sub- 
strate with a bonding agent affixed to at least a portion of a major surface of the non-conductive substrate, an 
induction heating system attached to at least a portion of the support, said support positioned near an electrically 
conductive substrate, so that as said induction heating system is activated, said electrically conductive is heated. 

15 18. A device as recited in claim 17, wherein upon the establishment of a bond between the non-conductive substrate 
and the electrically conductive substrate, said frame releases said non-conductive substrate. 

19. A device as recited in claim 17, wherein said support is positioned about a periphery of said non-conductive sub- 
strate and said induction heating system is aligned with the bonding agent. 

20 

Patentanspruche 

1. Klebeverfahren, umfassend: 

25 

(a) die Bereitstellung eines nicht leitfahigen Substrats mit einem Klebstoff, der an wenigstens einen Teil des 
nicht leitfahigen Substrats geklebt ist, wobei der Klebstoff einen Haftkleberoder einen Schmelzkleber umfasst, 
wobei der Schmelzkleber auf einen zum Kleben geeigneten Zustand erwarmt ist, und 

30 (b) das Erwarmen eines elektrisch leitfahigen Substrats mit einem Induktionsheizsystem, wobei das elektrisch 

leitfahige Substrat zur Aufnahme des Haftklebers oder Schmelzklebers des Klebstoffs geeignet ist und das 
elektrisch leitfahige Substrat eine hohere thermtsche Leitfahigkeit als der Kontaktkleber oder der Schmelzkle- 
ber aufweist, wobei das elektrisch leitfahige Substrat erwarmt wird, urn das Benetzen des Haftklebers oder 
des Schmelzklebers beim Auftragen auf das elektrisch leitfahige Substrat zu verstarken. 

35 

2. Verfahren nach Anspruch 1 , wobei es sich beim Schmelzkleber urn einen warmhartbaren Klebstoff handelt. 

3. Verfahren nach Anspruch 2, weiterhin umfassend die Aktivierung des Schmelzklebers vor dem Auftragen des 
Klebstoffs auf das elektrisch leitfahige Substrat und dem Kontakt damit. 

40 

4. Verfahren nach Anspruch 3, wobei die Aktivierung des Klebers das Einwirkenlassen von sichtbarem Licht, Infra- 
rotstrahlung oder Ultraviolettst rah lung auf den Schmelzkleber einschlieBt. 

5. Verfahren nach Anspruch 1 , wobei der Klebstoff eine kohasive Bindung zwischen dem elektrisch leitfahigen und 
45 dem nicht leitfahigen Substrat bildet, wie durch Ergebnisse eines Tests der Abschalhaftung aufgezeigt wird. 

6. Verfahren nach Anspruch 1 , wobei das Erwarmen mit einem Induktionsheizsystem vor dem Auftragen des Kleb- 
stoffs auf das elektrisch leitfahige Substrat und dem Kontakt damit erfolgt. 

so 7, Verfahren nach Anspruch 1 , wobei das Erwarmen mit einem Induktionsheizsystem nach dem Auftragen des Kleb- 
stoffs auf das elektrisch leitfahige Substrat erfolgt. 

8. Verfahren nach Anspruch 7, wobei der Klebstoff den Schmelzkleber einschlieBt und das Induktionsheizen vor der 
Verfestigung einer Flache des sich in Kontakt mit dem elektrisch leitfahigen Substrat befindlichen Schmelzklebers 

55 aktiviert wird. 

9. Verfahren nach Anspruch 1 , wobei der Schmelzkleber aus der Gruppe bestehend aus thermoplastischen Schmelz- 
klebern, durch Feuchtigkeit aktivierten Klebstoffen, durch Licht aktivierten Klebstoffen, durch Strahlung aktivierten 
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Klebstoffen oder Kombinationen davon ausgewahlt ist. 

10. Verfahren nach Anspaich 1 , wobel das Induktionsheizsystem bei einer Frequenz im Bereich von etwa 25 kHz bis 
etwa 90 kHz betrieben wird. 

5 

11. Verfahren nach Anspaich 1 , wobei das elektrisch leitfahige Substrat auf eine Temperatur im Bereich von etwa 25 
°C bis etwa 140 °C erwarmt wird. 

12. Verfahren nach Anspruch 1 , wobei es sich beim nicht leitfahigen Substrat urn Glas handelt, 

10 

13. Verfahren nach Anspruch 12, wobei es sich beim Glas urn eine Verglasung fur ein Kraftfahrzeug handelt. 

14. Klebeverfahren, umfassend: 

15 (a) die Bereitstellung eines Glassubstrats mit einem Klebstoff , der an wenigstens einen Teil des Glassubstrats 

geklebt ist, wobei der Klebstoff einen Haftkleber Oder einen Schmelzkleber umfasst, wobei der Schmelzkleber 
auf einen zum Kleben geeigneten Zustand erwarmt ist, und 

(b) das Erwarmen eines elektrisch leitfahigen Rahmens mit einem Induktionsheizsystem, wobei der elektrisch 
20 leitfahige Rahmen zur Aufnahme des Haftklebers oder Schmelzklebers des Klebstoffs geeignet ist und das 

elektrisch leitfahige Substrat eine hohere thermische Leitfahigkeit als der Kontaktkleber oder der Schmelzkle- 
ber aufweist, und 

(c) das Aufbringen des Glases auf den elektrisch leitfahigen Rahmen so, dass der Haftkleber oder der 
25 Schmelzkleber den elektrisch leitfahigen Rahmen beruhrt, wobei der elektrisch leitfahige Rahmen die Benet- 

zung des Haftklebers oder des Schmelzklebers verstarkt. 

15. Verfahren nach Anspruch 14, wobei das Erwarmen entweder vor dem Auftragen des Haftklebers oder Schmelz- 
klebers, wahrend des Auftragens des Haftklebers oder Schmelzklebers, nach dem Auftragen des Haftklebers oder 

30 Schmelzklebers oder Kombinationen davon erfolgt. 

16. Verfahren nach Anspruch 14, wobei es sich beim Rahmen urn lackiertes Metall handelt. 

17. Vorrichtung zum Zusammenkleben von zwei Substraten, umfassend eine Halterung zum trennbaren Halten eines 
35 nicht leitfahigen Substrats mit einem Klebstoff, der wenigstens auf einen Teil einer Hauptflache des nicht leitfahigen 

Substrats aufgebracht ist, ein Induktionsheizsystem, das wenigstens an einem Teil der Halterung befestigt ist, 
wobei die Halterung neben einem elektrisch leitfahigen Substrat positioniert ist, so dass bei einer Aktivierung des 
Induktionsheizsystems das elektrisch leitfahige Substrat erwarmt wird. 

40 18. Vorrichtung nach Anspruch 17, wobei der Rahmen das nicht leitfahige Substrat nach Bildung einer Bindung zwi- 
schen dem nicht leitfahigen Substrat und dem elektrisch leitfahigen Substrat freigibt. 

19. Vorrichtung nach Anspruch 17, wobei die Halterung etwa am Rand des nicht leitfahigen Substrats positioniert ist 
und das Induktionsheizsystem auf den Klebstoff ausgerichtet ist. 

45 

Revendications 

1 . Procede de fixation, comprenant : 

50 

(a) la fourniture d'un substrat non conducteur avec un agent de fixation fixe sur au moins une partie dudit 
substrat non conducteur, ledit agent de fixation comprenant une colle de contact ou une colle a chaud, ladite 
colle a chaud etant chauffee dans un etat apte au collage ; et 

(b) le chauffage d'un substrat electriquement conducteur avec un systeme de chauffage par induction, ledit 
55 substrat electriquement conducteur etant adapte pour recevoir la colle de contact ou la colle a chaud dudit 

agent de fixation, ledit substrat electriquement conducteur ayant une conductivity thermique superieure a la 
colle de contact ou la colle a chaud, dans lequel ledit substrat Electriquement conducteur est chauffe pour 
ameliorer le mouillage de la colle de contact ou la colle a chaud lors de r application sur le substrat electrique- 
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ment conducteur. 

2. Procede selon la revendication 1 , dans lequel ladite colle a chaud est une colle thermodurcissable. 

5 3. Procede selon la revendication 2, comprenant., de plus, Pactivation de ladite colle a chaud avant I'application et 
le contact dudit agent de fixation sur ledit substrat electriquement conducteur. 

4. Procede selon la revendication 3, dans lequel Pactivation dudit agent de fixation comprend Pexposition de ladite 
colle a chaud a une lumiere visible, un rayonnement infrarouge ou un rayonnement ultraviolet. 

10 

5. Procede selon la revendication 1 , dans lequel ledit agent de fixation forme une liaison cohesive entre lesdits subs- 
trats electriquement conducteur et non conducteur comme indique par les resultats d'essai de decollement. 

6. Procede selon la revendication 1 , dans lequel ledit chauffage avec un systeme de chauffage par induction se 
15 produit avant I'application et le contact dudit agent de fixation sur ledit substrat electriquement conducteur. 

7. Procede selon la revendication 1 , dans lequel ledit chauffage avec un systeme de chauffage par induction se 
produit apres I'application et le contact dudit agent de fixation sur ledit substrat electriquement conducteur. 

20 8. Procede selon la revendication 7, dans lequel ledit agent de fixation comprend ladite colle a chaud et ledit chauffage 
par induction est active avant la solidification d'une surface de ladite colle a chaud en contact avec ledit substrat 
electriquement conducteur. 

9. Procede selon la revendication 1 , dans lequel ladite colle a chaud est choisie dans le groupe consistant en des 
25 colles a chaud thermoplastiques, des colles activ6es par I'humidite, des colles activees par la lumiere, des colles 

activees par rayonnement ou des associations de celles-ci. 

10. Procede selon la revendicati on 1, dans lequel ledit systeme de chauffage par induction est actionne a une fre- 
quence dans I'intervalle d'environ 25 kilohertz a environ 90 kilohertz. 

30 

11. Procede selon la revendication 1 , dans lequel ledit substrat electriquement conducteur est chauffe a une tempe- 
rature dans I'intervalle d'environ 25°C a environ 140°C. 

12. Procede selon la revendication 1 , dans lequel ledit substrat non conducteur est du verre. 

35 

13. Procede selon la revendication 12, dans lequel ledit verre est un glacage pour un vehicule automobile. 

14. Procede de fixation, comprenant : 

40 (a) la fourniture d'un substrat de verre avec un agent de fixation fixe sur au moins une partie dudit substrat de 

verre, ledit agent de fixation comprenant une colle de contact ou une colle a chaud, ladite colle a chaud etant 
chauffee dans un etat apte au collage ; 

(b) le chauffage d'un support electriquement conducteur avec un systeme de chauffage par induction, ledit 
support electriquement conducteur etant adapte pour recevoir la colle de contact ou la colle a chaud durcis- 

45 sable dudit agent de fixation, ledit substrat electriquement conducteur ayant une conductivit6 thermique su- 

perieure a la colle de contact ou la colle a chaud, et 

(c) I'application dudit verre sur ledit support electriquement conducteur de telle maniere que la colle de contact 
ou la colle a chaud soit en contact avec ledit support electriquement conducteur, dans lequel ledit support 
electriquement conducteur chauffe ameliore le mouillage de la colle de contact ou la colle a chaud. 

50 

15. Procede selon la revendication 14, dans lequel ledit chauffage se produit soit avant i'application de la colle de 
contact ou la colle a chaud, soit pendant I'application de la colle contact ou la colle a chaud, soit apres I'application 
de la colle de contact ou la colle a chaud, ou des associations de celles-ci. 

55 16. Procede selon la revendication 14, dans lequel ledit support est du metal peint. 

17. Dispositif pour fixer deux substrats Pun a Pautre, comprenant un support pour maintenir de maniere amovible un 
substrat non conducteur avec un agent de fixation applique sur au moins une partie d'une surface principale du 
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substrat non conducteur, un systeme de chauffage par induction fix6 a au moins une partie du support, ledit support 
etant positionne pres d'un substrat electriquement conducteur, de telle maniere que lorsque ledit systeme de chauf- 
fage par induction est active\ ledit substrat electriquement conducteur soit chauffe. 

5 18. Dispositif selon la revendication 17, dans lequel, lors de I'etablissement d'une fixation entre le substrat non con- 
ducteur et Ee substrat electriquement conducteur, ledit support libere le substrat non conducteur. 

19. Dispositif selon la revendication 1 7, dans lequel ledit support est positionne autour d'une peripherie dudit substrat 
non conducteur et ledit systeme de chauffage par induction est aligne avec I' agent de fixation. 
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